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PREFACE

With a dwindling supply of lnown petro=-
leun reserves, and an ever increasing demand
for liquid fuels, the production of liquid
fuels from other sources is a matter of para-
mount importance,

Oil-shales are a possible source from
which liquids can be produced, This study
deals with the feasibility of employing a
fluidized technique to the retorting of oile
shales,
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RODUCTION ATD LIY

& very 1&11"::% potenticl resgerve of liquid ! acls existe in the United State
end nany oc.bm v&xrt,; of tho wordd in tho form of oil~chales, Theoo shaleg
vary widely in charscter and organic conbent. & property comon to &1 sholes

is the insclubililty of their orgenic nateriel in convenbionsl solvents (40

cluding shale oil), Theima decm?ositicm in the only way in which the solid

v-;

orgenic moterial can be directly converted 111130 liguid preducts, Iich work

!
has becu done on the mni;q and re mrt:mg of shales together with the recovery
and utilization of the pmducts.' The wost important current mr;?;; is being
carried oub by the United Stotes Denorinment of Inberior, Bursau of Mines,

In generzly carbonizetion products are similsr to both petrolews and coal
ter, having p:v?‘operties v somevhal intermediste bebween the two. &g in the cese
of coal tar, robe oi‘ heebing, temperature of reborting, and degree of "crache

ing" have considerable influence on the products. The solid produect of low
termerature car}m:n'zaﬁio‘n of a typiesl oil-gshale is about 5% frec coke and 959

» »

impure argillaceous limesione conteining iron, mognesimm, and silica. (I

-]

high temperatires ore ermployed, the nineral carbonstes also decorpese.) About

%
28 gellons of oil and 900 cu. £h. of gas having a heabing velue of from 800

G

to 900 Btu./standard cubie foob are produced from a ton of rov shele. Hoy
processes using broken shele have been abttenpted uith wwrying depreecs of suc;-
cess, The chief difficultiss to be overcome are low heat transfer rates to
packed beds, chanveling, naterisls hendling, d,if leunlties in meinteining prege-

sure genls mwith continuvous feed of solids, poor hest utiligation, ond dilu-

tion of products. Approzimately 300 Dtu,/1b. of shale are required to fure

This figure varies from 5 to 90, bubt the 28 gallen per ton shale seens
to be the most likely to be worked.

Pl
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and seneible hests,) 45 in the ease of coal, no aocurmbs

The reachion could be cxpthoraic,

."'\

Conventional reborte oy be classified undor three categorics:

1. In the gos producer iype a counbter curvent gequciice of combushbion

) o
and carbonization i carvied oub, The advantages of this method
' 3 JU Rl 3 ¥ . N T P A Py i, I
are adiahatie and cownter current opcration. The characber of

Amerieon shales doos nob permit the ure of pure sir becausc of

enltineg coupsed Ty the sk f the irnorranic mwabtorial wresent in
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dilvting the product., Alse, cousiderable heolt is wmsbed in de-
4

compoging the nineral carbonates {vhich recults in rove dilubion),

7 n)

The vented gas is in the form of mist, and hes a negligible hegle

5

ing veluc, While it is possible to uple such a precess intormibe

tent, the mechanical obstacles ere many, the capacity. is low, and

corplete recovery of the products (especially the light ends) is

a,

2. A bed of broken solids can be heated threouch the walls, From rend-—

>

ing the discussion in reference F 1., it is nobt clearly urderstood

vy this type of relbort has not been given further consideration

in the treatnent of Americaen chales. Apparently, calding and

cheaneling occurred, and the tobal :yiélds of liguids were adversely
affected due to the lipli temperstures. The single retort investi-
e ted was not Vself sufficient in fuel gas beesuse of healt lossos.
Such retorts have been nged in écotlanﬁ,.v where, in the gbsence of
na‘tivé pebrolew:, Lbe oll~shale industry hes rensged to survive,

It was found that the copacity of sueh reborts could be narkedly



increased (to aboul six tons per day) by blowing steam through
the charge at slow rates, Steam also tends to produce higher
ammonia ylelds, This has not been found true of American shales
or coals,

3. In another type, circulating gases are externally heated, This
method has practically the same disadvantages of the internal
combustion type, inasmuch as gases have relatively low heat ca=-
pacity. By recirculating the gases before removing the light
ends, perhaps the dilution with respect to these fractions could
be minimized if adverse cracking did not occur while being heated,

The magnitude of the disadvantages entailed in these types together with
mining problems (and remoteness of location in the U.S.A.) may be better come
prehended if it is noted that although oil=shales have been lnown and studied
for more than half a century, no commercial oll=shale industry has ever thrived,
The Seottish industry alone has eked out a survival, This has been done by re-
tailing many products and by manufacturing by=products such as bricks and
fertilizer,

In all types (except the high temperature) fines must be rejected to mine
imize channeling. :

A tremendously potent process tool known as fluidigzation is currently
undergoing intensive development, While as yet only one type of large scale
industrial process’ utilizes the full advanteges of the method, the manifold
advantages inherent in such a system strongly indicate its further, varied in-
dustrial applications,

It has been observed that gas flowing upward through a columm of finely

* Catalytic cracking of petroleum,



divided solids couges an appevent czponsion of the solld bed ord that, within

-

certain velociby limits, the mixbuve resembles & boiling liguid, There is ome

D

treme turbulence and aglitation, and the mixbure has pany properties of o fluid,

I3 o

Paren‘b7 maintaing that void or pore gag veloeiily necessary to induce o Hure
. k o o P

ng velocity of the smallest sized

s

bulent condition is less than the Pres fall
particles, if calculated assuring a spherical shape. The density of the fluide
ized bed can be controlled by adjusting the relotive veloecity of the serebion
£a8.
Thé adventages of such o system are listed below:
1, Tremendous masc throughpubts ore feasible, Tor clay moving vpusrd
e mass throughput of AC00 pounds per ninube per square fool is
possible.B This is 2880 tons per day per square foot,
2., Pumping efficiencies as bigh as 65% ave obbtainable .3
3¢ By adjusting densities ond heights, materisl can be mede to flow
fron one vessel to ancther under the influence of hydrostatic
head. Doba published on one catelyile cracking wnit indicate thab

13,000 tons per day of cabtslyst are circulated in this rmmerﬁ
This vnit was desigred for winimm catalyst ciraulation,

F &ﬁ extrencly uwnifom temperature distribubtion within the fivid bed
has been observed, The fluid bed sets as a thermal flyvheel ond
lends iteelf to ready and exact temperature controls, Local over-
heating is eliminmabed, hence undesirable side reactions may often
bo minimized. A temperature variation of less than 5°F, has boea .

. . . . . . %
cbserved in adiabatic catelybic cracking units.

L2 ir N ) N
" W Ko Lewls, personal comamication,
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The lowest possible reaction teiperature mey be cmpleyed beecsuse

of the very rapid reaction rates attainable for a gas-solid re-
action, lfo matier what the nalure of the reaction, ell other
factors being equal, the reaction rete is dimétly proporiional

to the surface e:cposed.g The surface per wiit mass is inversely
proporiional to particle size.

High coefficients of heat transfer - of the order of those oblain~
ed to boiling liquids - heve been reported. No actusl delo have
been published on this phase, Parent’ reported only a 5% increcse
to 2 3% decrease in the overall coefficient from condensing stean
to nitrogen when suspended sollds were present, over that overall
eoefficient obtained when the solids were absent, However, no
numerical values were given, and the discussion vas not detailed
enough for & reader vo evalumte the data or declde whether or mot
the data are as contradictory with the stabements of others as
they would scem to be at first glance. &n snswer to a guestion ro-
garding the coefficient of heat tronsfer from *fiuid" o beiling
water in a catalytic cracier rvegenerabting unit was thal the ob~
served oversll coofficient was Mabout 257,.° The authors of a more
rocent article® maintain ‘thet, by using o fluidized technique, only
0,5% as nuch heat transfer surface is necessary to remcove the heat
generated vhen producing 10,000 Bbl/dey of liguids by a Fischore
Tropsh Synthesis as wes required by a German plant employing packe
ed tube reactors, Me;;er['” reports that the coéffi.cieLts ‘from a
shean heated wall to air can be doubled when solids are present.

It was renorted that Hicholeon® gave o figure of 300 for the heat
transfer coefficient from g wall to a fluid bed in the temperature

range of 800° F,
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7e Any gas or vapor which does wol form wdesireble reaction proe

A e PR - - PO
cuets mey be omployed a2s an noroting rodium.

8, Almost any sizc mabterial may bo fluidized, bub, vith lorger sizes,

the sdvanbages ere diminiched,

w,

~y

s Smcother nechanlesl operations with fewer equipment shib dowms ave
usually possible,.
X mren ~v, Al B e ey 3 31 R et Fer LT el ary
See properbies nay be either adveniageous or wdesirebles

1., The great turbulence tends %o produce a waiform bed of maberial ab

equilibrium, This precludes eounter cuwrrent action (with respect

is of essentially the same composition as the reacting nasge The
gaseocus reactants mpy Do purped by an aersbing gas or vopor vhen
the solids ore in transit {rom one reactor to another,

2+ With wvide varistiong in particle sizes, sonc segregation is effecte
ed. The fines hove & grester bendengy to be ecarried overhead; this
effect increases vith greater gas velocities,

Some disadvantoges entailed are:

1. The corminution cost (if the =olid is to be reacted), OCrushing and
grinding of thoussnds of tong per dey of mineral ores i being ace
complished ot surorisingly low uwnlt costs ._% With proper design
of even gnall wnits, handling one hundred tons per day could be
pcésible at cests whieh would probably not be prohibitive, ecpecw
ially in view of the procesz savings encounbtered elscvhere,

2, Difficulties in laborgtory scale investigations. Due to wedl

effects, irrogular behavior is observed in reactors of less than

% e = . e -
® Various Bureau of lMines publicetions on specifie mills,
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- twe dnch dia Abovo fovr inches, the dlapcber seeme to have
1ittle effect, IDotch tyme roachors do nobt reliably predict pors
formance of o conbinous walt ond eombliuvons syatens eve difficit
on o laboratory scalc.

3. Limitabtions of gee welositicg. If o #lined® nh bed io one

o

P
2

ployed, low gos velocities are necessary bo avold apy

the solidrm, Valuable solids such as cabtalysts can

seonomlie losses are sughained both asg

ilsrgely be rocovercd, bub <

]

IZ the products ave gaseous, it

is uwoually desiyable to reneve the dush, slthoush the value of the

L.

solid might ned warresnt its recovery, This limiting gas volociby
[ 2. .. -

necesaltates the uco of recebors with lerge crose sectiongl areas.

4e Erogion of walls, espoeielly in bends.

If guch a system could be cpplied to ollweshales, o vide veriety of cone
Hnuous flow patderns corldd be used,
There is a stroag pcssibi.li‘by thet enough g28 < »mﬂd be genercted to
ply all the heat necessary for roborting, in swhich case an extornzlly heabe

ed retort with the solids slmply be;.ng discarded could bo useds Mamimm:
ﬁelds of degirable oil fractions might eliminste this.

If the heat trausfer cocfiiclents arc as high as reported, and, i better
utilization of the gas (such as synbhesis gas production) con be foumd, it
would seem that = .simple flow petbern could be one in vhiok the shale WorG Tom
torted inlone vessel and the residunl carbon burned in another vessel surs

£

rounding or surrcundeod by the fireb,
2=

Eeyer‘l’ peinte out that, although the hegt transfer coefficient from o
stean heated well to a pgas cea be doubled by the presence of fluidized solids,

it is possible to obbain higher heat transfer coefficicnts ian conventlional gas



heat exchangers for the same pressure drop. This would probably not be true
at higher temperatures, wvhere radiation is important, The advantages to be
gained in heating the fluidized mixture would not only be higher heat trange
fer coefficients, but lower temperature levels and less gas circulation
(dilution),

There cen be little doubt thet the residue of carbonized shale containe
ing 5% carbon could be burned with air in a fluid bed, since the catalytie
cracking regenerators are fed material conteining only 3% carbon.’ Decome
position of the carbonates will probebly limit the temperatures attainable,

Pulverizing the sghele will be an item of major cost, although crushing
presents little difficulty., Horeover, a savings could be realized over
broken solids methods in the utilization of the fines, which would normally
be rejected, For high eapacity with minimm maintenance, ball mills or rod
mills with "air classification" using flue gas could be used, Harmer mills
could prove satisfactory, although these are seldom used in large scale mills,

Considering the choice of an aerating gas for the carbonization zone, it
would be desirable to employ a condensible vapor such as steam which would
minimize the dilution of the light ends,

At retorting temperatures the decomposition of steam would be negligible,
Another possibility would be to recycle the gas prior to the collection of
the light ends. In this case the light ends would be subjected only to re=
torting temperatures and not to stove temperatures,

Saturated hydrocarbon wapors might slso be used and could possibly ime
prove the product,

Minimm quantities of aerating ges should help promote filmewise con-
densation, in lieu of mist formation. Complete removal of dust and selective
condensation of products would also minimize mist and emulsion formation,



A major objection to the possible application of fliﬁ.digation is apgglom-
eration. Like coal:', shale is reportod to soften ffaen heated, Wangll reported
thet only G.é% by welght per minuto of coal could be fed iuto a fluidized bed
of cole ab garbozﬁzi’ng terperatures, This would eliminate a commercial
application, Siﬁghs reported success in hie exper_imnts on the partial de-
volitization of coal using an overhead earry over,

4 study of the problems eacountered to develop such a system would ine—
clude systematic invevstigatiozw of'z

(a) Tludized flow characterisiics of rew shale and retorted shale.

(b) Heat transfer coefficients to fluidized solids at verious
temperature levels.

(c) Studies of the heat requirements to retort shale under various
conditions;

(@) Conbustion studies of carbonized shales in dense and light phose
fluidizations

(e) Combination of combustion and carbonization flow ‘pa,ttemsa

It would be well beyond the seope of this thesis to atlempt complete
studies of any of the above categories, HMHoreover, a step must be taken to

determine whether or not a fluidized technique can be spplied at all before

the sbove studies would be worthvhile. Since I-I@ﬁgll reported apgglomerotion

of batch processes, even when only 10% coal wms used with coke, continuous
flow and steady state conditions u:ill be prime objectives.

It is therefore intended to detormine under whg'b condition shale can be
carbonized, thet is, even il coking occcurs in a fluidiged ’r.;ed, conceivably
plugzing could be avoided by adjusting flow rates, tempefaﬁura, direction of

flow of gas and solids, concenbration of solids, rapidity of heating and

other ninor factors,
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If ouceessiul fiuvidizabion can ve achleved, it would be desirsble 1o ob=

tain ag much data as possible (oil yields, ebe.).

Al

f

§=!

The purpose-of this work was bto invesbigate the fessibilibty of applyiag
a fluidized solids technigue to the cerboaization of oileshale, and to build

and operabe a laborahbory scale retoitb.

PEOCTDUED

4. Exploretory exporivents in fluidization.

The published litereture gave very 1ittle information os to acbusl
te;:bniques esployed in handling fluidized solids., The £
obssmré Fil'ﬁrol suspended in oir,

It was possible to take a thief sample o:i" the mixtuve, When fluidized
at lov air rates, the flow of solide appeared to be up ab the center and
down at the walls, There was a consﬁah"a vaghing actlon of the solids on
the walls.

When powdered cosl wes dropped in the top, the mess instently hecaume
mlifoﬁdly gray with high gas velocities; ab lower gas velocities, black
.streaks folded down the walls becoming lighter and finally merging into
the gray nass.

Cotton wads were sbulfed into the top of the tubes to prevent dusting,
but these were always quicily plugged and either blew out or shopped gas

flow.

The rate of dusting seemed to be fairly consbtanl st any one velociltye
Presunably a2 run couldd have been made long enough to earry out 2ll the

0]

parbicles smaller than o definite eizme, bhut this wes not atbtempled,
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Some particles were carried oub of the bed for quite a distance but
dropped down agalu,

Dust collected on the top edge and on both the inside and owbside
tube walls. The inner wall wags maintained clean by the wasking action of
the solids, but heavy dust deposits accuwmmulebed above the upper level of
the bed,

There was a greater tendency to slug (piston action) in small tubes,
especiélly vhen solids were added hefore the glr was turned omn,

Several attempls were made to feed solids continuously through a
standpipe to a fluidised bed using standard pipes and Titiings without
success. The exact cctions werce act cobserved, but the results were thatb
the gos Selecti§e1y channeled through one pipe, usually suddenly blewing
the contents out. Even thcﬁgh separate gas feeds were.used to two pipes
connocted by & horizontal nipple of the same diameter (13"), channeling
would occur through the nipple so that the contents of the bed above the
nipple would be carried overhead. Sometines thé contents of the other pipe
would fall and sometimes packing resulted, Addition of solids to one of
two pipes connected by.a small diameter pipe through which ailr was fed
would result in s fiuid bed in both, bubt attespls to add solids to one
side often resulted in selgctive flou through the other. A crudely fosh-
ioned slide valve, with the standpipe aeration supplied through a vertical
glass tube above the valve, uasbtried.i’This valve vas réndered'inoperable
by solids wedging in the sliding paris.

Eiltroi in small tubes 1/4 - 5/8 inches would sometimes flow oub
evenly and somebines pack. Hone mould.flow from a large separabory Ifunnel
vith or without aeration, There secwed to be two entirely differenh types

of flow, One resembled closely a flov of uniformly sized grains in an
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hour glass, The other resembled a liquid flow in which no solid could
fall unless a gas bubble displaced it. In the former case, the gas
probably channeled as it would through a packed column,

Qualitative experiments with powdered shale and coal,

A porcelain crucible wes placed in the top of a Hoskins furnace and
the crucible filled with powdered shale, This was stirred with a looped
iron wire in an effort to maintain uniform temperatures, Only very slight
local grain growth appeered as the shale began to evolve gases. The gas
and fume evolution lasted for some time with a blackened residue remain-
ing, When stirring was ceased, the shale became fairly quiescent with
only a few gas "bubbles" being formed and broken, (The surface became
speckled white due to Wim). Stirring was resumed and a small quan-
tity of raw shale was added, Gas evolution was falrly rapid but not in-
stantaneous, No agglomeration was apparent,

A small quantity of coal was added and a disproportionate amownt of
clinker was formed in the shale., Nine other standard coal samples were
tried, Of the ten, only three agglomerated when added to either coke or
carbonized shale. Proximate analyses and sulfur contents revealied no
correlation except that the high volatile coels with low moisture contents
would not, Later, the moisture was found to have been correlated with
other properties = including coking and agglutinating velue, Only the
coking coals agglomerated and these did not when pre-mixed with oil-shale,

When a test tube filled with powdered shale was heated in the furnace,
a fused mass, which could not be probed, was formed, This was obviously
a mixture of retorted shale on the sides with layers of tar and shale
toward the center,

A 50 gram sample of raw shale was then jiggled with nitrogen in a



small glass tube and heated in a furnace, Copious volumes of fume and
soot were evolved, Uhen the nitrogen rate was decreased slightly, some
hot shale dropped down through the inlet tubing and ignited the rubber
stopper, Plugging did not occur but slugging did, The discharged
solids were wniformly black, Some tar and raw shale dust stuck to the
upper inside (unheated) section of the tube,

Continuous Operations,

A series of runs was made with so many factors changed from one run
to the next that only qualitative results were obtainable. The first feed
system tried was a rubber stopper plunger type. It was hoped that the rod
could be used to overcome the packing tendencies, However, selective
channeling occurred and the pressure built up when the upper stopper was
closed (or the hopper charge was blown out), Sometimes the feed line
would clear, but, more often, it would not. Flow of solids was blocked
at every possible point at one time or another,

Using the same piping but a flask hopper and a modified gate valve,

a detachable horper was tried. At high gas velocities this could feed
very rapidly, but it was difficult to initiate flow of solids after re-
£illing, and it was impossible to regulate the feed or to take data while
manipulating the feeder,

Velocities necessary to feed the solids were too high to maintain the
fines in the retort,

Most of the feed difficulties were found to have been due to the hor-
izontal section of piping comnecting the feed entrance with the bottom
cone and %o the bends. Bad channeling occurred in a horizontal or inclined
pipe, and the larger sclids collected at bends, blocking flow altogether.

Coarse mateﬁal ( 4 35 mesh) could be dropped out the bottom of the
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cone by an immeasurable decrease in velocity, apparently at a constant
rate,

Considerable time was spent trying to mount and drive a screw con=
veyor, which worked when turned by hand, but was not pressure tight and
could not be driven in place by the motor used without binding,

Gravity feed et an angle of about 30° with the vertical tube was
tried, Although the effective entrance area could be increased by the
angle cut, even a 5/16-inch tube could not be used to feed a 1/4~inch
tube, An equal or smaller diameter could be used, A feed point of 1/4~
inch pipe was made and used in two runs, One-elghth inch pipe was used
in the remaining runs, A standpipe could be operated either opened or
closed at the top, Unless channeling occurred, the feed rate would be
uniform, When channeling occurred, and the standpipe contents became
aerated, the feed rate increased until channeling became so great that
the contents of the standpipe were blown overhead,

Logs of the later runs are included in Appendix I,

No quantitative data were obtained from these runs since plugging in
the gas take-off line always occurred,

Batch Operations,

There were so many possible factors which could have caused the
plugging such as polymerization, condensation due to cooling, solid carry
over (slugging), attrition and decrepitation of solids, and channeling of
the feed that it was decided to build a batch retort o obtain quanti-
tative data,

Eleven runs were made, each using a 650 gram charge and nitrogen
rate of 0.3. standard cubic feet per minute (corresponding to a linear
velocity of 0,25 feet per second at 90° F, and to a velocity of 0,87 feet
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per second at 1100°F), This velocity was sufficient to fluidize the

meterial in a 2=-inch pipe and prevent any of the charge from falling

through the 1/€-inch pipe.

Operational stepss

1.

24

3e

Lo

5e
b,

7.

D

HNitrogen pressure was adjusted to 26 psig, with the flow
meter reading 4.5" Hy0.

A 650 gram charge of raw shale waes dumped into the retort
through a fumel and a two foot length of 1/2-inch pipe,
The thermocouple shield and asbestos plug were inserted,
Initial thermocouple readings were taken,

Heaters and clock were turned on,

Readings were taken at two minute intervals, Each set of
readings required from 1/2 to 1 minute,

Rheostats were adjusted and heaters turned on and off in
attempts to maintain the upper wall temperature equal to
the bed temperature,

When discharging, the heaters and gas were turmed off; the
cork was removed from the bottom nipple; and the solids
allowed to flow into a 1000 ml, round=bottom flask, The
flask was supported by pipe insulation in a position so
that the 3/4=inch nipple extended two inches below the
mouth of the flask, The flask was then stoppered and
allowed to cool, The nipple was corked up and the retort
allowed to cool., When cool, the retort was examined,
The solid discharge wes weighed. A sample was taken by
random spoonfuls when pouring from one can to another re-
peatedly. The bulk of the discharge was then mechanically
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screened for one hour,
10. Ash determinations were made by ignition at 1800°F for
twelve howrs,
11, Inorgenic wvolatile matter was determined volumetrieally by
acid liberation and pipette absorption, It was arbitrarily
assumed to be CO, for weight conversion, although some 325
was lknown to have been liberated.
Tabular data and a distillation curve are included,
Logs of the runs are included in Appendix II,

APPARATUS

4, Continuous Retort,
The retort (see Sketch 1l.) was constructed from a 30=inch length of
standard (schedule 40) black pipe, Flanges at the top and bottom were
cut from 1/2-inch boiler plate. The conical section was rolled from 22-
gauge sheet metal and brezed., The taper of the cone was 1/6., Asbestos
gaskets were used at flanged joints,

The retort was supported on a single upright by stripe of steel which
were welded to the flanges at the top and bottom, These strips were bolt-
ed to the flattened ends of 3/4~inch nipples, The nipples were screw
fitted to tees. The tees, which were movable along the upright, were held
in position by set screws.

The gas take=off wms 1//=inch pipe. The side arm teke=off was of
3/k=inch pipe welded at an angle of 30° with the vertical, Pressure taps
were of 1/8=inch pipe. The upper nine inches of the bottom teke-off was
an open end 1/8-inch pipe welded to a 1//=inch pipe, which was continued

through the cone., The screw clamp on the rubber tubing wes closed when
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replacing the flask which was used to collect the solids being discharged,

The standpipe was a 3/4~inch glass tube marked at 10 gram intervals,
A 500 ml, volumetric flask was sometimes used as a feed hopper in lieu of
the standpipe,

Wall thermocouples were placec in circumferential grooves in the pipe
wall and the half-turn, which was remote from the Jjunction, was insulated
from the metal by one layer of asbestos paper, The center thermocouples
were unshielded, Porcelain insulators were used, "Spiders' for cemtering
the thermocouple were made of twisted nichrome wire,

TWWmttﬁndingaof#?Znichmmwimmmuaedtol}eatthe
lower 20=inch section, A single 200 watt wiading wes used icvr the upper
10-inch section and a 500 watt winding wes distributed between the two
cyclones, Two thicknesses of asbestocel pipe insulation were used on the
retort, and a single thickness was used on each of the cyclones.

A dry test meter was used to meter the aerating ges., Temperatures
were measured with a potentiometer type instrument which was calibrated
in degrees Fahrenheit and contained an intermal cold junction compensator.
Thermocouples and leads were made of chromel=-zlumel, Single throw, double
pole, switches were used to close the desired thermocouple circuits,
Batch Retort.

This retort (Sketch 2.) was constructed from a four-foot length of
2-inch pipe. The cone was rolled from 1/mgauge sheet metal and welded,
The taper of the cone was 1/6,

One 1200 watt winding of #l4egauge nichrone wive wes used to heat the
upper three foot section, and a single 1000 watt winding was used to heat
the conical section and the lower 12 inches of the 2-inch pipe.

Three layers of asbestos paper were used for electrical insulation
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between the windings and the netel wall,

Provisions were made to heat the entering gas (to increase linear
velocity), but this expedient wes found to be umecessary,

Two thicknesses of pipe insulation were used on the retort. The ine
sulation was extended down 6-inches below the bottom of the .oom. The
space between the cone and the cylindrieal pipe insulation was filled
with asbestos cement, The relatively flat bottom formed in this manner
was supported by a flat cast iron ring on a tripod.

Horizontal support was effected by looping the #10 single strand
copper wires (lead wires to heaters) around both the outside of the in-
sulation and the upright,

One well thermocouple was placed 36-inches above the top of the cone,
Another thermocouple was placed 12-inches above the cone (between the upper
and lover windings), A third thermocouple was placed 1/2-inch below the
inlet to the cone - along the 1/8-inch pipe., The same mamner of installas
tion as previously described was used,

A thermocouple shield of 3/16~inch stainless steel tubing was used,
"Spiders" of 1/16-inch welding rod were placed at points 1/=inches and 26=
inches above the bottom, The shield was supported by an asbestos cement
plug at the top of the retort,

The gas take-off wms a 3/4=inch standard pipe 4 inches long and thread=-
ed on one end, This was welded horizontally st = point 4 inches below the
top of the retort., To this nipple, a pipe coupling, a short nipple, a 45°
elbow, end 2 1/2 feet length of 3/4=inch pipe were comnected in order to
vent the gases to the atmospheres After it was observed that liquids were
being condensed in this line, a tin can was wired on the end of the pipe
to collect the liquid,
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RESULTS

The results are tabulated in Tables I and II, The distillation curve
which wes obtained is plotted in Figure 3.

Logs of the last few continuous rung ere includzd as Tables III, IV, and
V in the Appendix,

The logs of the batch runs are included in the Appendix as Tables VI
through XV,

It should be noted that the shale herein investigated contained a poten-
tial yield of 26 gallons per ton of oil and 5 gallons per ton of water as
deternined by the Fischer Assey Retort, These figures correspond to 10% and
2% by weight, respectively, of the raw shale, (Only 0.3% by mi:g;ht is free

water.,)

When a fluidized bed of oil-shele was heated at a rate such as is shown
in the typical heating curve for Run 4B (Figure 4), dusting and decomposition
began almogt at once, As the temperature was increased, the gas became more
opaques.

While the discharged gas wes visible at 550° F, this was due almost en-
tirely to dvst and steam, When held at 550° F for en hour (Run 7B, Table VIII),
only l.4i% of the shale distilled,

When the shele was hested to 750° F (Run IB, Table VII), 2.3% of the shale
distilled, The gas did not become yellow; the solids were fuming slightly
when they were discharged end the solids were only slightly darkened, Only a
trace of oil agplomerated with the dust which had collected in the gas take=
off,

. Bureau of Mines 0il-Shale Demonstration Plant, Rifle, Colorade =
Porsonsl Communication,
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When held at 750° F for one hour (Run 2B, Table VIII), &,5% of the shale
distilled, This is equivalent to a distillation rate of 6.2% per hour at
750° F, Although the gas was yellow, only a negligible amount of oil was
collected,

During Run 3B (Table IX), the shale was heated to 800° F and 7.6% of the
shale distilled, Only 0,9% more was distilled by holding the shale at 750°F
for one hour as was distilled in the time interval of seven minutes between
750° and 800° F, Moreover, liquid oil was collected during this interval,
further demonstrating that the reactions were more rapid at the higher tenper-
atures, The discharged solids were fuming,

Run 4B (Table X) was made by holding the shale at 800° F for one hour, -
A total of 13,0% of the shale distilled under these conditions, That is, 5.4%
were distilled at 800° F within one hour, However, the gas remained yellow
for only 20 minutes during this time so that the actual rate was probably
three times as fast as the other data show,

Run 5B (Table XI) was conducted by heating the shale to 900° F, Under
these conditions, 13.4% of the shale distilled. The gas was yellow for only
the ten minutes between 760° F and 900° F, When the shale was held at 900° F
for one hour (Run 8B, Table XIV), no further distillation toock place. When the
shale was inadvertently overheated to 940° F and held at 900° F for one hour
(Run 6B, Tahle XII), only 13,7% was distilled,

For the final run (Run 9B, Table XV), the shale was heated to 1100° F and
held for one hour, These conditions resulted in a distillation loss of 15,6%.

It is probable that the curve depicting the one hour distillation points
(Figure 3) undergoes a sharp curvature in the neighborhood of 800° F, rather

than the pronounced break which is shown,



1. Run NOQ 7B
2, Temp, Attained, °F 550
3. Time to heat (min,) 16
L. Time held at Temp, (min,) 60
5. Total Overhead 37
6., VCM Overhead 2.3
7. Ash Overhead 14
8, 0il Collected Per cent 0
9, Mud or Coke of 1

O« VCM Distilled Original 1.4

* Held at 900° F,

¥% It was not possible to obtain reasonable duplications in analyses since shale was not wetted by acid.

NOTE: The term VCM is used here to denote material either volatile or
1800° F and hence, includes free and combined

combustible at

IB 2B 3B 4B 5B €8
750 750 800 800 900 900
A 38 35 32 48 58
0 60 0 60 0 60
3.8 1.4 120 172 17.2 188

1.1 2.0 249 248 2.8 3.8

3.0 27.0 288 23u4  23.0  23.0
» 17 17 18 18 18
“ 31 12 5 5 5

water and COp, Moisture determinations were made only on raw

shale (0.3%)%
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Table II
SCREEN ANATYSES AND MISCELIANEOUS DATA

Tyler Screen No, 35 65 100 150 =150
Percent Retained

Raw Shale (Charge) 0.5 59.6 N2 14.1 4eb 100.0
Run # 7B Discharge 0.7 6244 19.7 13.1 4e3 100.2
Run # IB Discharge 0.5 6245 21.Z 11,8 3.6 99.8
Run # 3B Discharge 0.5 60,6 19.5 13.2 6.2 100,0
Run # 5B Discharge 0.7 61.9 20.4 11,7 5e4 100.1
Run # 6B Discharge 0.6 5942 21.0 13.0 6.2 100,0
Run # % Discharge p s &-2 19.7 13,0 5.8 99.8
Shale bed density with .25 ft./sec. aeration 90°F 60 #/cu.lt.
Shale bed demsity with .44 f£t./sec. aeration @ 800°F 20 #/cu.ft,.

Carbonized shale has essentially the same bulk density as raw shale,

Rew shale 63.6p ash 043% Hy0
36.4% VCM

Fischer assay: 26 gallons oil and 5 gallons water per ton,



DISCUSSION

Since agglomeration within the bed did not occur, several flow patterns
would merit investigation, In both of the retorts constructed, a horizontal
outlet was brought out of the side for the gas taeke-off, This sharp turn and
contraction, accompanied by some cooling, was disastrous in the case of a
1/4=inch pipe, The 3//~inch pipe did not plug, but coke did accumulate on the
lower wall, When more cooling and a 45 degree elbow were encountered, plugge
ing did occur, This obstruction usually appeared to block the entire area,
but a small eperture was sometimes apparent in the upper cross section, The
flow of gas was never completely blocked in the line,

Even when two heated, external cyclones were used in series (the smaller
one having only a 1//~inch diameter inlet and an internal diameter of l=-inch),
dust and mist were carried through and hlocked subsequent paints in the con=
densing system,

The problem is by no means insurmountable, but tedious qualitative and
quantitative work will be necessary to determine whether the dust and vepor
can be largely separated in the retort by internal cyclones or whether a tar
mist is formed almost at once through the mechanism of polymerigation,

There are various methods of dust and mist collection, Usually, the same
principles are applied to either,

If we consider the probeble mechanism of the cracking of kerogen (H:C
atomic ratio of 1,6:1), some polymerization of the initial products can probably
not be avoided., However, within the bed, a large surface area is available
for the deposition of tars. Moreover, this deposition did not cause a.gglom-
eration under any of the conditions which were investigated, It is probable
that, if a deeper bed were used, which would allow more time for the tar fore



mation to occur within the bed space, less tar forming materials would be
carried over=head, Of course, this might defeat the chief object, that of
obtaining liquid products, If this were the case, it would be betler to em=
ploy a bed with a depth as shallow as possible and to quench the vapors with
steam or recycle gas irmmediately above the bed, This would tend to halt
vapor phase polymerizations by temperature lowering and dilution but would
promote mechanical cox{denaation.

Using a smooth tepered gas take-off, deposition of coke on the walls of
the retort cen be prevented, Cyclonic type mist collection or oil scrubbers
could be employed to collect the resulting mist and smoke, The dust would
then have to be removed by filtering, settling, wmshing or some similar method,

In the batch runs, it probably would have been posaible to collect more
of the oil, but the oil would not have been free of dust, This was not
attempted because a previous course had already been planned,

An early error was made in attempting to work with mixtures of wide size
ranges, While these materials fluidized readily at very low gas velocities,
dusbing was tremendous and bridging of solids was frequent, It was thought
that heavy dusting would ensue when the shale became carbonized, even if fines
were excluded, inasmuch as carbonized ahalg is more frisble than raw shale,
Also, as wes sbated in the introduction, a distinet advantage of a fluidized
system would be in the utiligzation of fines, These statements are not necesse
arily contradictory, In a deep bed, under proper fluidizing conditions, fines
could probably be handled adventageously,

A very uniform feed of closely sized material could be obtained from a
ver’.ical standpipe with a gently tapered outlet, Raw shele did nolt seef: to
flow as readily as carbonized shale with the same pinch clamp setting and
essentially the same sizes of particles. The many difficulties encountered
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with plugging and dusting should in no way be interpreted as being a wnique
characteristic of fluidized systems, Shale dust and tar occur in other
systems in varylng degrees. Stubborn emulsions are sometimes formed in the
.ga.s mroducer type.of retort.

It is believed by the author that carbonized shale dust would not be as
offensive as raw chale dust, and, that, with an adequate bed depth and proper
distrih‘:rtion of feed, the dust could be largely separated internally on large
scale operations, This method is employed to separate catalyst from wvapor in
catalytic cracking units, 0il scrubbing (baffle or centrifugal) could be used
to remove dust and heavy tars at nominally high temperatures = say 650° F,
The dust=-oil suspension could then be atomized into the retort, This would be
practical only if the bulk of the fines could be handled by cyclones,

If we consider that only 18,4% of the shale is material cepable of forming
hydrocarbon, and that this is present as a very complex molecule containing an
atomic ratio of hydrogen to carbon of about 1.,6:1, a possible mechanism of
cracking ﬁmﬂ.d be as follows:

First the material becomes moderately unstable in the region of 700° F,
and there is a tendency for products having a greater thermal stability to be
formed, l.e. those materials having a lower molecular weight or a lower lyw
drogen to carbon ratio,

However, the stability of kerogen itself is so great that its decomposi-
tion is very slow, When the tempersture is further increased to 750° F, lower
molecular weight compounds are formed, .

In order for the kerogen to become more stable, its hydrogen: carbon
ratio must decrease., By producing low molecular weight hrdrocarbons with a
higher (still low =~ say di=olefins) hydrogen: carbon ration and at the same
time decrease both the molecular weight and hydrogen: carbon ratio in the
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kerogen, temperature stability would be approached in several ways. The vapors
would be partly unsaturated and tend to polymerize, The polymers now have a
higher hydrogen: carbon ration than the original kerogen and conceivably could
have even a higher molecular weight, Therefore, they in turn would decompose
and polymerize, resulting in tar deposited on the shale and materials of higher
hydrogen: carbon ratio, Even at 750° F these mechanisms were relatively slow.
However, the shale was blackened and one-third of the organic material ua.s
ultimately converted into volatile materials in an hour,

At 800° F the reaction proceeds much faster, and at 900° the reactions
were substantially complete within the time interval required to reach 900° F,
Further increasing the temperature would (and did) cause more decomposition,
but only of the materials which were stable at 900° F, To be stable at J00°F,
the residum would be very umsaturated and complex, Above 900° F only gasing
ocenrs and probably this is due to the polymerized secondary products, That
is, the rate of decomposition at 900° F was sufficient to eonm-t all of the
kerogen to thermally stable products which decompose very slowly at 900° F,

As the residum becomes more highly unsaturated and stable, the possibile
ities of forming products of a sufficient molecular size to be liquids and
at the same time containing enough hydrogen to be even an aromatic or acety=
lene compound are negligible, simply because the hydrogen has already been
depleted at the lower temperatures,

Since 650 grams of shale were carbonized within ten minutes (interval
between 770 and 900° F) in a batch operation (Run 9B, Table XV), certainly at
least that rate could be attained under continuous operation,

Therefore, at least 8.6 pounds of shale can be carbonized per hour in a
2-inch pipe which corresponds to 4.4 tons per day per square foot. The high
temperature retorts which are used in Scotland handle only 0.7 tons per day



per square fool,

If a 36-foot diameter reactor were employed, 4500 tons per day could be
carbonized, If the design coefficient of 150 Btu/hr./sq.ft. were used and
fluidized combustion taking place at 1200° F on the outside of the vessel, the

necessary area would be

4500 x 350 x 2000 =
150 x 300 x 24 s i

or a bed height of 26 feet,

This would have commercial possibilities, if fines-could be used, Crushe=
ing of the shale was relatively simple, Perhaps several smaller retorts could
be advantageously employed on ailr classified fractions,

A logical retorting rate obtained from the data at 800° F (Runs 3B and 4B)
would show that 650 grams are substantially retorted within an hour at this
temperature, Since the thermal decomposition rates of petrcleum practically
doubles for every 10° C, the reaction rate at 900° F would be 32 times the re=
action rate at 800° F (a.sauminé the same reactions) and only 2 minutes would
be required to retort 650 grems at 900° F, Thus, the rate would more probably
be 22 tons per day per square foot of cross section., Unfortumately, it was
not determined whether or not such a rate is permissible, but it is wnlikely
that agglomeration uith:in the bed would have occurred even if the rate of re=

torting had been more rapid,
RECOMMENDATIONS

It is recommended that the present apparatus be used for studying mixtures
of coking and non=coking shales and coals. Preliminery tests should be made
in a crucible to determine what mixtures will agglomerate when agitated, Com=
plete oil recovery should be sttempted,
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It is further recommended that detailed fiow characteristics of shale

be investigated, using glass apparatus,
The possibility of merely blowing shale wpward through heated tubes into

heated cyclones should be investigated as a means of utilizing fines,

It is recommended that the following corrections be incorporated in the

design of a continuous retort:

(1)

()
(3)

(4)

(5)
(6)

(7)

The reaction heat should be supplied through a short section knowm
to be well below the bed level, It is virtually impossible to
overheat the wall in contact with the bed, Alundum cores should be
used in lieu of asbestos,

A gas distribution grid should be used,

The outside cross sectional area of the bottom solids draw-off
should be large in relation to the reactor - say cne-querter of

the cross sectional area, This would serve as a convenient antie
slug section,

At least three feet should be allowed for solids disengaging space
and a deep bed should be used.

Recording instruments should be used on the project.

Steam should be employed for seration, This would necessitate pre=
heating the feed if a bottom feed is used, Sufficient pressure
should be available for constant gas flow, Pulse chambers should be
avoided,

Dust and oil separation should not be attempted at first. Large
piping with smooth turns should be used in the gas take-off, The
thermocouple shield for measuring internal temperatures should be
supported by the distribution grid and led down through the feed
inlet. This would necessitate an annular feed, At least prelimine
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NOTE: Explanation of symbols used in Tables
III, IV, and V,

P -~ pressure below feed inlet, centimeters of mercury.
P = pressure drop across reactor, centimeters of mercury,
Ty~ bed temperature 5% inches above bottom flange .

- P outside wall temperature 18 inches above bottom
flange, °F,

T~ outside wall temperature 10 inches above bottom
5  OF,

T6— outside ml%F temperature 2 inches above bottom
flange, “F,

Q = Gas flow rate in cubic ft./min, at P and initial T,

35



Table III

Log of Continuous Run E

36

The purpose of this run was to obtain a sample of carbonized shale with which
t runs,

Take~off from bottom of first cyclone being veanted to atmosphere.
670 grams solids from previous runs to be charged,

to charge

Time
Minutes

P P A T, T, T4

0 0 85 85 85 85

Feed choked above solids inlet when attempt te reduce welocity was made.

0

S

BBURBRERR

BEBER

SRVRLEH

63

0,71
0,51

0,52

0,52
0,52

0.54

0443

Gas and heat off
Pressure drepping, charge dropping nicely
Bottom discherge wniformly black

Side arm collection
Very heavy oil collected in 3/4" T
4" pipe lined with light oil

three minutes for feed (about 500 grams to enter),

=4
3 % 100 180 180 160
150 300 300 230
3 ﬁg 230 390 370 290
=4 05 310 490 490 350
350 visible gas
3=4 5 400 580 540 430
415 600 560 460
500 650 630 530
3=5 5 520 670 650
gas leaving white (opaque)
590 740 700 610
620 760 730 650
670 800 780 690
Sy 5 680-90 820 800 70
copious white discharge
730 860 840 760
S, 5 770 820 870 780
- repid evolution 760=70 900 880 790
800 9250 920 830
830 990 950 860
213 5 g80 1030 980 900
gas evolution subsided
12 11 900 1060 1000 920

speckled
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Table IV

Log of Continuous Run U

630 Grams initial charge
Vented to atmosphere

s Q P P T, £ 7 T,
0 3 3= 92 90 % 90
1 all heaters on
2 . 120 200 210 190
3 0.69 160 280 280 230
5 3 4 280 450 400 330
e 420 600 500 400

11 540 visible discharge

13 610 800 620 520

16 730 900 700 600

19 - 243 pA 790 980 750 660

21 keater off

31 830 1030 760 670

34 850 1040 800 700

37 890 1060 810 720

41 adding raw shale 100 grams in standpipe

51 910

55 0.31 920

58 isothermal at 920 920 discharge very opaque

60 all shale in 910

62 920

64 24=3 4 930 1130 900 840

63 discharge still opaque 970 adding more shale 10 grms/min,

7R 1000 1170 %40 870

76 970 1200 950 900

€l 970 1200 960 900

83 all shale (100 grms) in 970 1200 970 900

87 1000

88 adding more shale, shale going in about 20 grms/min,

R 3 1000 1220 1000 930

95 0.25 1000 1230 1000 940

93 100 gems 3 4 1000 1220 1020 960

more in, total 300 grms., practically nc discharge, shutting down

Charge dropping nicely about 3 minutes., Side arm collection negligible.
Bottom sample taken (draw off sample not significent because of large
(about 100 o) amount blown off when heated, Sample taken for screen
analysis. (490 grams in retort, bottom discharge) (300 grms in takewoff
flask), Vent pipe blocked with tar and shale.



Charge 460 grams from Run G

Q P e T, Ty Tg
0% 3 75 80 80 80
all heaters on
80 200 210 170
150
0.36 2 3 2% 430 510 300
500 570 670 380
820 810 860 500
one heater off, adding raw 960 adding raw shale
shale

(shale blew out of standpipe, glass tube in condensing system
broken, replaced with rubber
920 1070 1140 640
heated separator burning with awful odor (not oil shale)
Heater off, gas off, pipe insulation replaced
resumed, 2 heaters on 3

238 BBBE wu E Borsouro EE

2 3 620 710 620 450
third heater on @ 4 800 940 800
830 1060 920 670
insulation burning agein, heaters off, continue with insulation off
810 950 780 600
2ll heaters on, opaque at 930, all condensers leaking
970 1170 1030 800

adding raw shale, discharge immediately yellow, Shale in about
20 grms/min, Black tar in air condenser

1000 1220 960 840
33 Sample #1 taken, oil oozing out everywhere in condensing system
38 Semple #2 taken at 9; back pressure building up
39 gas off 1030 1200 1020

Heavy brown oil in air condenser flask (flask ran bright yellow). Seems to
be practically nothin in ice water flasks, but tar leaking out both corks,
Bottoms are dirty from dust and film of oil, about % cc liquid in each, very
foul odor, First dry ice bath lined with orange crystals on bottom, yellow
crystals on sides, Outlet plugged with brown oll and o erystals (not
cause of shut dowm, but evidently cause of condenser leaks) = unbearable

odor, Orange crystals disappeared when inspecting, leaving behind etched
structure of solid material (dark)., Appeared to be tar later,

Second dry ice flask, pale lemon color on sides, same general odor, grayish
deposit on bottom, Everything but a few specks of tar (coke) evaporated.

All flasks contained dust,
Small quantities of liquid in ice water {lasks non-combustible water,



HOTEs To be voferred to in comnection
with Table VI through XV,

A1l of the following runs were made vwith Nitrogen
Iine pressure at 20 psig. end a floumeter reading of 4.5
inchos of wator (.31 cw.ft./min.). These readings were
frequently notod and never veried., The charge was 650
grans of raw shale in each case except Run IB (625 grams).
The actunl discharge welght of this run was corrected to
correspond to o 650 gram chsrge. The gauge pressure ab
the bottom of the retort was aluays between 1 and 13 iuches
of mercury excopt in one cose when the outlet beceme badly
plugged {(Run 63). Plugging within the bed never occurved
ag was indicnted by oseillation of the monometer colimm,

Symbole
T, s—— Bed temperabture six inches above the top of the

cone {12 inches above cone in shake dowm run) .

”i‘? w—eee Qutgide wall temperature 40 inches above top of
= cona ,

TB_ e Qibside well tomperature 12 inches above top of
cone (betueen upper and lover heater windings)e.

T, wmm— Outside wall temperature of 1/8% pipe (1 inch
¥ below the bottom of the cone).

411 temperatures are in degrees Fahrenheitl,

The time waz recorded as minubes: sseonds after hesters
wore turned on,
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9
160
240
290
335
390
235
500
550
580
630
670 -
700
740
790
220

840
shutting down
850

520 grams discharge

Shake Down Run

Talile VI

% %
90 20
170 125
40 155
300 180
360 200
410 225
460 250
540 _75
600 300
650 320
705 340
760 355
790 370
820 380
875 400
900 420
930 430
heat off
950 430

Time

0: 50

32 45

6 s 4O

8 : 50

0z 55

2 ¢ 50 gas faintly wvisible

4 3 53 characteristic odor

7 ¢ 40

0 : 46

2 2 48

51855

8 ¢ 20 gas yellow

0 : 23

2115

6 s 00 tar dripping

T A

9 3 38 copious gas, tar no
longer dripping

3:10

Thermocouple shield was blackened near the top and bottom four inches - gray

over rest of length,

spiders,

A few particles were loosely adjerent to the shield and



Table VII
Lopg of Run 1B

To be terminated at 750° F.
Time '.I.‘l '1‘2 TB T4 Time

0 130 130 130 130 0: 50

230 10 180 175 160 2335

4 300 170 150 230 180 4 3 40

T C plug loose tightened

7300 230 150 300 220 7 ¢ 30 dusting on vent pipe
10 : 00 310 300 370 240 10 2 35

21203 I 440 210 250 2 3 45 visible gas
Lt 30 420 500 450 270 51320

6300 435 520 480

8 2 00 490 560 530 300

20 : 00 530 600 570 320 03 35

- 00 590 640 620 350 2:2'45

L 3 00 620 670 650 360 Lt 40

6: 00 670 700 700 375 61 35

7 ¢ 00 700 heaters off

8: 0. 72 730 735 390 8 1 45

9:00 735 730 735 39

10 : 00 735

11 : 00 740 720 730 39

12 : 00 pgas off, discharging (solids fuming slightly, do not appear to be black)
4 330 730 700 720 580

53 30 all discharged

Discharge brown in color (625 grams)

2 grams fines (including some oil) in off‘take,



Tine Tl fl'.'2 T3 x L Time

0 %0 20 %0 85

2 110 145 140 120 2% 40

4 170 210 200 150 4t 40

6 240 270 270 180 6 1 40

8 320 310 320 210 8 3 L5 gas visible (faint

largely dust)

10 380 350 380 240 10 » 45

2 450 410 440 250 . characteristic odor
A 490 460 480 270

6 525 510 520 275 8 ¢ 50

8 550 550 550 290 8 ¢ 45

20 580 . 590 580 300 20 s 40

2 600 630 615 310

4 630 680 640 320 ‘

6 660 720 670 330 gas white
8 680 740 680 230

30 700 760 700 340

2 710 770 710 350

4 720 770 720 350

6 730 770 740 370

8 750 770 750 370

40 760 760 760 370

3 760 755 760 370 gas yellow
5 760 750 760 370

8 750 745 750 370

50 750 740 750 370

2 750 740 750 370

6 750 T45 750 370

60 140 760 740 360

70 760 760 760 380

80 755 750 755 380

0 745 740 750 380 discharged
98 755 740 760 380

&Omxf% 650T_he1mm. reading in flask

Coke in 3// inch pipe wes sticky (not hard), putty-like consistency.
Negligible oil collected
576 grams discharge.



Table IX

Log of Run 3B

To be heated to 800° F and discharged

0 90 90 0 90
2 110 140 150 120 top heater reduced
4 170 195 200 140
6 230 220 240 170
8 320 270 320 200 Attempting to control heaters
10 370 340 370 220
2 420 380 420 235
4 460 440 460 250
6 480 480 490 250 visible gas
8 530 530 530 270
20 565 570 570 290
2 600 610 610 300
4 640 645 650 320 bouncing
6 700 680 700 340
8 750 710 740 360
9 770 heater off
30 785 40 770 360
770 70 790 360 yellow discharge, heater back on
790 805 810 370

810 dumping (discharge fuming rapidly)

grams of a very light oil (visual inspection) having olefinic odor (not
und in previous batch run oils) escentially the same odor as was noticed
dry ice flasks in continuous run,

grems discharged  Soft mud (1ittle) in coking region (discharge)
pparent bed line 23" above bottom 17" uwp on T shield

Pﬁ FE@-J Wb



Table X

hngmég

To be heated to 800° F and held for one hour

Time %

8

570

BEBurn8 sornvBoornvboormvo

288 B8 Z28E88E 3JE338

B&S NN

Ty

9%
130
160
260
350
210

8

460

g NPIESEE

780

810
830
810

790
79C

79
600
810

34

539,5 grams discharge

T3

T,

20 20
130 110
190 130 gas faintly visible
250 150 T; 250 at end
350 190
390 210
410 210 characteristic odor
480 235
2 B e
: gas
620 290
660 300
700 320
730 330
760 3/0 heat off awnile copious gas
X yellow discharge
780 340
800 340
800 350
820 350
830 360
€10 360
€00 360 discharge much lighter (white) in
color, still dense
805 370
810 370 practically no discharge (faint
white)
820 370
800 360
800 365 discharge completely belck, no
smoking, Discharged in 2} min,
15 graus oil 10 grams mud
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Table XI

Log of Run 5B

To be heated to 900° F
Time TJ_ '.1.'2 T:3 i L

0 100 100 100 100

2 110 120 130 120

A 170 160 180 10 very faintly visible

6 250 200 250 170

8 330 250 300 190
10 360 280 340 200

2 410 310 380 220

4 450 340 420 230

6 470 370 440 230

8 480 420 470 235
20 500 465 490 240

2 510 500 510 250

4 530 550 540 260

6 560 590 570 270

8 600 630 600 290

30 650 660 650 310

2 700 670 690 320

¢ w3 BB -

" copious oW gas

8 810 760 800 360
40 820 800 820 370

2 840 820 840 380

P 860 850 860 3%

6 880 880 880 390

8 900 900 900 400 vapor becoming white
538 grams solid dischurge 8:45 discharging
more oil than previously collected 9:55 smoking slightly
very fluid 23 granms oil 15 grams mud all discharged



Table XII

Logof&unéﬁ

To be held at 900° F for one hour

Time Ty T, T, T, e
0 90 %2 % 0 1-1/8
2 110 140 140 110 »
5 190 225 210 140 "
6 220 255 240 150 "
8 310 300 180 .
10 390 400 210 "
4 480 430 460 230 " visible gas
6 510 470 490 240 -
8 540 510 530 250 "
20 580 550 570 270 »
2 610 585 610 280 "
4 640 620 630 290 »
6 670 660 670 300 .
8 690 690 690 310 .
30 710 720 720 320 " "
2 750 750 750 330 . gas becoming yellow
4 790 790 790 350 N
6 £20 g20 820 360 "
8 850 830 840 360 "
40 860 850 850 370 ”
2 870 850 860 370 "
I3 875 860 880 . gas white, thinning
6 900 880 905 400 "
9 940 910 940 400 1 = 3/8 heaters off at 8 on at 3
outlet partially plugged
56 910 900 910 390 1= 5/8 still jiggling
66 910 910 920 395 "
76 900 920 910 390 "
86 900 940 910 3% .
9% 900 400 900 400 1-1/2
106 900 900 900 400 n solid discharge not smok-

ing discharged in 2 min,

3/4" pipe and 45° elbow completely hlocked
525 grams discharge
30 grams coke (mud) 22 grams oil



To be held at 550° F for one hour

Time

W N . o
gtggmmommm#uommbmc

76

51

90
120
170
240
330
400
500

540
550
550
550
550
550
550
550
550
550

I,

20 20
150 140
210 200
270 270
340 340
400 400
470 490
top heater reduced
500 530
500 540
500 550
500 550
530 555
560 555
560 560
550 550
560 550
550 550

47

gas visible

both heaters still on full

bottom heater off
bottom one reduced

no smoke or fume in discharge 2 minutes to discharge
608 grems discharged 18 grams held up in retort (as free flowing material)
6 grams agglomerated powder (emough to block gas outlet)

no oil



Table XIV

Log of Rum 8B

To be held at 900° F for one hour

Time Ty T, T3 T L
0 95 95 95 20
2 110 10 140 110
4 160 200 190 140

ig 350 350 355 200

Shut down to repair N, line down 6 min, Shale not discolored, but fwaing
slightly (it was noted that thermocouple shiéld was treed as usual, but shale

was definitely raw) Dumped and recharged
430 420 230

20 380 :
3 450 430 470 260 bottom heater reduced
6 520 L0 520 270
8 560 540 560 280
30 580 580 590 290 -
2 610 620 610 300
4 640 650 650 310
6 670 680 680 320
8 710 705 710 340 gas very dense white
40 750 740 750 350 both heaters on full
2 790 770 790 365 upper heater reduced full rheo.
L 820 €10 810 370 adjusting both heaters
6 830 €20 820 370
9 830 830 830 380
52 850 850 855 3%
3 870 gas whitish yellow
4 870 860 870 390
6 880 870 880 400
8 890 &70 890 400 discharge definitely white
60 890 870 880 400
68 900 900 900 400
78 900 900 900 405
88 900 900 900 405
98 900 900 900 405
108 890 900 900 405
118 900 900 900 410

b=
i

2/3 min. discharge
grams discharge

BRY
i
BB
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Table XV
Loz of Run 98

To be held at 1100° F for one hour

Time Ty Ty Ty T,

0 20 20 85 85
2 100 140 140 120
4 160 190 190 130
7 260 280 280 170
8 290 310 310 180
10 350 350 350 200 no control on heaters yet
2 430 410 430 220 lower heater reduced
4 475 460 470 240 back on full
6 530 500 520 250
8 570 540 560 270 reduced lower hezter increasing
20 610 580 600 275
2 620 620 620 280
4 635 645 640 290 bottom heater on full
6 660 675 - 675 300 copious white gas
8 700 710 700 320
30 740 740 740 330 gas yellowish
2 780 770 780 340
¥ 3 810 200 210 350 gas dense, yellow
6 850 830 850 370
8 880 860 8380 380 copious; yellow
40 920 880 910 390 brown
2 950 910 940 400  thinning
4 990 940 960 410 bouncing as if plugged
6 1010 970 1000 420 heater controlled
8 1030 990 1010 420
50 1030 1000 1020 430
| 1040 1020 1030 435
A 1050 1030 1050 440 gas very dense white after
having subsided
6 1065 1050 1060 440
8 1080 1070 1080 450
60 1090 1080 1090 450
62 1100 1100 1100 460
72 1130 1110 . 1120 470
82 1070 1090 1070 460
R 1100 1100 1100 470
102 1110 1100 1100 470
112 1100 1100 1100 480
122 1100 1100 1100 480  dumped 1 = 2/3 min,

512 grams discharge
22 grams oil



Run 5B

Iten #5

Item #7

Iten #6

Iten #8

Item #9

Item #11

Item #10

Iten #12

Itenm #13

SAMPLE CALCULATIONS

Used in preparing Table I
% Total overhead !

926:5322 % 100 = 17.2%

% Ash @.X_él‘%_‘;ofﬁ_x_smxlm.z,sx

% VCM overhead 17.2 = per cent ash = 17.2 = 2,8 = 1448
% oil collected QLxloog,gJ;

650

15
% mud 7 100 = 32

VCM Ash

dseg.x — raw shale = 20.6 x 63,6 = ;
% T Tvatts T s
Cge

% VCM distilled vm{mv hals ™ Itenm #11

3604 ~ 23.0 = 1304

121 ml, x 44 x 63,6 x 100 x AR x 29 = 18%
$ 90, ey 22400%T3ud % 550 x 30

% HC remaining 23 =18 =5
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